Abstract The use of trifoliate yam (Dioscorea dumetorum) flour for stiff dough 'amala' production is one of the ways to curb under-utilization of the tuber. The study evaluates the textural and sensory properties of trifoliate yam flour and stiff dough. Freshly harvested trifoliate yam tubers were peeled, washed, sliced and blanched (60°C for 10 min). The sliced yam were soaked in water for 12 h, dried and milled into flour. Pasting viscosities, functional properties, brown index and sensory attributes of the flour and stiff dough were analyzed. Peak, holding strength and final viscosities ranged from 84.09 to 213.33 RVU, 81.25 to 157.00 RVU and 127.58 to 236.17 RVU respectively. White raw flour had higher viscosity than the yellow flours. The swelling index, water absorption capacity and bulk density ranged from 1.46 to 2.28, 2.11 to 2.92 ml H 2 O/g and 0.71 to 0.88 g/cm 3 respectively. Blanching method employed improved the swelling index and water absorption capacity of flour. The brown index values of flour and stiff dough ranged from 6.73 to 18.36 and 14.63-46.72 respectively. Sensory evaluation revealed significant differences in the colour, odour and general acceptability of the product when compared with the stiff dough from white yam.
Introduction
Yam is an important food in many tropical countries particularly in West Africa, South Asia and Caribbean, where it also has a social and cultural importance for about 300 million people throughout the world (Manuel et al. 2005; Ettien et al. 2009 ). Total world production of yam had been estimated to be 40 million tonnes per year while Nigeria (the leading producer) produced 34 million tonnes which accounts for 69.8 % of the yam (FAO 2006; IITA 2007) . Yam flour production is a way of preserving yam tubers in a storable form so as to make it available during the off season (Oni 2006) , thereby reducing storage losses as well as marketing and transportation costs (Iwuoha 2004) . The process involved in yam flour production includes harvesting, sorting, peeling, slicing, blanching, drying and milling. This is the age-old traditional method of processing yam into dry yam (gbodo), and subsequently yam flour (elubo). The quality of gbodo and elubo varies with the processor location, yam species, processing methods and conditions (Akissoe et al. 2003 (Akissoe et al. , 2004 Hounhonigan et al. 2003) .
The dried chip and its flour (elubo) are one of the traditional transformation methods for processing and storage of yam (Abiala et al. 2011) . Yam flour is the major ingredient in making 'amala' largely eaten by ethnic Yorubas of South Western part of Nigeria when reconstituted. Amala is a popular starchy food that is prepared by reconstituting (cooking and stirring with boiling water) fermented or unfermented yam flour (elubo), produced traditionally from the processed tuber flesh of white yam (D. rotundata or D. alata) (Awoyale et al. 2010) . It is a traditional thick paste prepared from blanched dried yam flour with a particular texture (Akissoe et al. 2006) . Color and taste are permanent features of amala obtained from yam chips flour (Akissoe et al. 2004) . Literature is available on the production of yam chips and amala from other white yam, water yam and other yam species (Akissoe et al. 2003 (Akissoe et al. , 2006 Babajide et al. 2006; Jimoh et al. 2009; Abiala et al. 2011) .
The use of trifoliate yam tubers in making amala had not been explore due to the alkaloid contents which cause bitterness in the tuber. Trifoliate yam being among the neglected tuber crop was reported to be highly nutritious with yield higher than other yam species (Treche and Agbor-Egbe 1996; Sefa-Dedeh 2001, 2002) . Various researchers have studied the chemical, biochemical and textural changes of trifoliate yam tubers, flours and starch after harvesting Sefa-Dedeh 2001, 2002; Medoua et al. 2005 Medoua et al. , 2007 Akinoso and Abiodun 2013) . The aim of this work was to prepare flour from trifoliate yam tubers, reconstitute the flour into stiff dough and analyze the properties of the flour and the stiff dough 'amala'.
Materials and methods
Freshly harvested trifoliate yam cultivars (white and yellow) were obtained on a farm in Osogbo, Osun State, Nigeria. The white yam tubers (Abuja cultivar) and white yam flour (commercial) was obtained at Oluode market, Osogbo, Osun State, Nigeria.
Preparation of raw trifoliate yam flour The freshly harvested yam tuber was washed, drained and peeled. The peeled tuber was sliced and dried in the hot air oven at 60°C for 48 h. The dried chips were milled into flour with hammer mill and sieved with 600 μm mesh size. The flour samples were sealed in polythene bag.
Preparation of blanched/soaked trifoliate and white yam flour samples The freshly harvested yam tuber was washed, drained and peeled. The peeled tuber was diced and blanched (65°C) for 10 min. The sample was soaked in the blanched water for 12 h at ambient temperature and dried in the oven 60°C for 48 h. The dried chips were milled into flour with hammer mill and sieved with 600 μm mesh size.
Starch contents determination Free sugar was extracted from the flour with hot ethanol while the starch was hydrolyzed to its monosaccharide with perchloric acid. The sugar was quantified colorimetrically using phenol and sulphuric acid. Sugar obtained from the hydrolysis of the starch was converted to starch by multiplying by a factor of 0.9. Flour sample (25 mg) was weighed into a centrifuge tube and wetted with 1 ml of 95 % (v/v) hot ethanol at room temperature. Then, 2.0 ml of distilled water and 10 ml of ethanol was added. The mixture was vortexed and centrifuged for 10 min at 2,000 rpm. The supernatant obtained was decanted into a test-tube and made up to 20 ml extract before being used for sugar analysis. To 0.2 ml of the extract, 0.8 ml of distilled water and 0.5 ml of 5 % phenol was added. The mixture was vortexed before subsequent addition of 2.5 ml of conc. H 2 SO 4. The absorbance of the solution was read on a spectrophotometer (Milton Roy Spectronic 601) at 490 nm after it cooled. The residue, after decantation of supernatant, was hydrolyzed with 7.5 ml perchloric acid into monosaccharide sugars for 1 h. It was diluted with 17.5 ml-distilled water and filtered through Whatman no. 2 filter paper. The sugar filtrate was used for starch analysis.
An aliquot of each of the sugar solutions (0.1 ml) was made up to 1 ml with distilled water and colour was developed for the standard curve preparation. The standard curve was prepared by pipeting 0, 0.1, 0.2, 0.3, and 0.4 ml of glucose solution into test tubes and made up to 1.0 ml with distilled water. These corresponded to 0, 10, 20, 30, and 40 μm glucose/ml, respectively. Into these solutions, 0.5 ml of phenol was added with subsequent addition of 2.5 ml concentrated sulphuric acid. The solutions was mixed thoroughly and then allowed to cool before being read at 490 nm on the spectrophotometer (Milton Roy Spectronic 601) (Mcready 1970) . A calibration standard curve of absorbance against glucose concentration was plotted from which the percentage sugar and starch in the sample was calculated.
Calculation:
Where A Absorbance of sample I Intercept of standard curve DF Dilution factor based on the aliquot of sample extract taken for assay. V Total extract volume B Slope of the standard curve W Sample weight.
Amylose content Flour sample (0.1 g) was weighed into 50 ml test tube and 1 ml of 95 % ethanol was added to wet and disperse the sample. Subsequently, 9.0 ml of 1 N NaOH was added and the test tube was heated in a boiling water bath for 10 min to solubilize the sample. From the solution, 1 ml was pipetted and made up to 10 ml with distilled water in another test tube while 0.5 ml aliquot was drawn into another test tube from this solution and assayed by the addition of 0.1 ml 1 N acetic acid and 0.2 ml of iodine solution to allow colour development The solution was diluted to 10 ml with distilled water, vortexed and left for 20 min for colour development after which the absorbance was read on a spectrophotometer (Milton Roy Spectronic 601) at 620 nm (Juliano 1971) .
A calibration curve was obtained from different solutions of amylose concentrations using corn amylose. Concentration factor (F) was obtained from the curve and amylose content was calculated as follows:
Concentration factor from standard A Absorbanceofsolution DF Dilution factor Pasting properties determination The pasting profile of the starch sample was studied using a Rapid Visco-Analyzer (RVA) (Newport Scientific Pty. Ltd) with the aid of a thermocline for windows version 1.1 software (1998). The RVA was connected to a PC where the pasting properties and curve were recorded directly. Flour suspension was prepared by addition of the equivalent weight of 3.0 g flour to distilled water to make a total of 28.0 g suspension in the RVA sample canister. The flour suspension temperature was held at 50°C for 1 min and later heated to 95°C for 3 min. It was held at 95°C for 3 min before the sample was subsequently cool to 50°C over a 4 min period. This was followed by a period of 1 min where the temperature was kept at constant temperature of 50°C. The equivalent sample weight (S) and volume of water (W) was calculated using formulas below: Bulk density The method used by Udensi and Okaka (2000) was adopted. Bulk density was determined by weighing 3 g of each sample into 10 ml graduated cylinders and tapping ten times against the palm of hand. The volume of the flour after tapping was recorded and bulk density was expressed as g/ml.
Water absorption capacity determination Flour sample (1 g) from each treatment was weighed into dry centrifuge tube. Distilled water was mixed with the flour to make up to 10 ml dispersion. It was then centrifuged at 3,500 rpm for 15 min. The supernatant was discarded while the tube with its content was reweighed. The gain in mass is the water absorption capacity of the flour sample (Iwuoha 2004) .
Swelling index Determination of swelling index and solubility was carried out according to the method of Iwuoha (2004) . Three grammes (3 g) portions of each flour sample were transferred into clean, dry, and graduated (50 ml) cylinders. The flour sample was gently leveled and the volume was noted before addition of 30 ml distilled water. The cylinder was swirled and allowed to stand for 60 min while the change in volume (swelling) was recorded after 15 min. The swelling power of each flour sample was calculated as a multiple of the original volume. Sensory analysis of stiff dough 'amala' The stiff dough (amala) was prepared by adding flour into 250 cm 3 of boiled water, stirred thoroughly with a wooden spoon to avoid lumps, and cooked for 15 min to form soft dough. The dough was wrapped in nylon and kept in the warmer (Nwaegbute et al. 1995) . Sensory analysis of the stiff dough was carried out by selecting 20 trained panelists drawn from Yoruba ethnic group among the lecturers of Department of Food Science and Technology, Osun State Polytechnic, Iree, Osun State, who were used to eating stiff dough made from yam flour. The panelists were requested to examine the dough and score according to their degree of likeness with a 7-point hedonic scale ranging from 1 (like extremely) to 7 (dislike extremely). The parameters evaluated were the colour, texture, smoothness, odour and overall acceptability.
Colour measurement
Statistical analysis Statistical analyses were performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL). All experiments were performed in triplicate and the mean values were reported. Comparisons between means were performed with Turkeys test. Differences between means were evaluated as significant at P<0.05.
Results and discussion
Starch and amylose contents of yam flour The starch and amylose contents are shown in Table 1 . The starch content of white yam (oven dried) flour (75.13 %) was higher and significantly different (p<0.05) from trifoliate yam flours. White yam (oven dried) flour had higher amylose content (24.68 %) and lower amylopectin content (75.32 %). There was no significant difference (p>0.05) in starch, amylose and amylopectin contents of yellow and white trifoliate yam flours. The starch contents of trifoliate yam flours were low when compared with the values observed for water yam (80.00-85.30 %) (Daiuto et al. 2005; Huang et al. 2006) . The starch content varies with species and cultivars of yam. The amylose fraction in the yam starches ranges from 20.80 to 33.11 % (Okorie et al. 2011; Otegbayo et al. 2011; Brunnschweiler et al. 2005) . Lower amylose contents observed in trifoliate yam flours indicate higher swelling power than the white yam flour. The higher the amylose contents the lower the swelling power (Otegbayo et al. 2011; Lorenz and Collins 1990) .
Pasting properties of flour The pasting properties of trifoliate yam flours are shown in Fig. 1 . Peak, holding strength and final viscosities ranged from 84.09 to 213.33 RVU, 81.25 to 157.00 RVU and 127.58 to 236.17 RVU respectively. The raw flour had higher peak viscosity, holding strength, breakdown, final viscosity and setback than the blanched flour. The raw and blanched white trifoliate yam flour had higher viscosity values than the raw and blanched yellow flours. The peak (148.75 RVU) and final (164.67 RVU) viscosities of blanched white yam flour were higher than the blanched trifoliate yam flours and white yam (commercial) flour. Increase in viscosity of gelatinized food was explained to depend more on the starch content of the product (Adeyemi and Beckley 1986) . The peak viscosity indicates the water-binding capacity of the flour samples, and was reported to be important to the user in order to obtain a useable starch paste (Adeyemi 1989) . Bhattacharya et al. (1999) indicated that high holding strength generally represents low cooking loss and superior eating quality. During the holding period, the flour sample was subjected to a period of constant high temperature and mechanical shear stress, which further disrupted the starch granules. The final viscosities of the raw and blanched flours increased signifying the ability of the flour samples to withstand the heating and shear stress and had been reported to be an important factor for many processes (Newport Scientific 1998). Table 2 showed the functional properties of trifoliate yam flour. The swelling index, water absorption capacity and bulk density ranged from 1.46 to 2.28, 2.11 to 2.92 ml H 2 O/g and 0.71 to 0.88 g/cm 3 respectively. The blanched yellow trifoliate yam flour had higher swelling index than the blanched white trifoliate yam flour and was significantly different (p>0.05) from other flours. Blanched white trifoliate yam flour had higher value (2.92 ml H 2 O/g) in water absorption capacity but was not significantly different (p < 0.05) from other flours. The swelling index and water absorption capacity values of the blanched flours from the two cultivars were higher than the raw flours. The swelling index values were within the range observed for raw white yam flour (1.89), water yam flour (2.46) and yellow yam (2.83) (Iwuoha and Nnanemere 2003) . The differences in swelling index were due to different analytical methods used. The swelling index was reported to change in direct proportionality with tuber steaming time. Swelling index of steamed cassava from two varieties ranged from 3.66 to 4.14 depending on the cassava varieties . Percentage of water absorption capacity recorded for different varieties of D. rotundata ranged from 21.30 to 193.30 % (Ekwu et al. 2005) . The high water absorption capacity was attributed to loose association of starch polymers in the native granule (Ekwu et al. 2005 ). The differences observed in water absorption capacity of the samples was due to the differences in the degree of association of starch granules in them. There was significant difference (p>0.5) in the bulk densities of the raw and blanched flours. The raw flours had higher values than the blanched flours but raw white trifoliate yam was significantly different from other samples. The bulk density of cooked trifoliate yam flour observed by Ezeocha et al. (2011) was 0.86 g/cm 3 . Igyor et al. (2004) reported bulk density values of 0.50-0.62 g/ml for the raw flour samples of D. cayenensis, D. bulbifera and D. rotundata. The density of the flour is important in determining the packaging requirement and material handling (Ezeocha et al. 2011) .
Functional properties of flours
Brown index values of trifoliate yam flour and amala The amala from white trifoliate yam and oven dried white yam (Abuja cultivar) flour were light brown in colour when compared to the amala from yellow trifoliate yam flour and commercial yam flour (Table 3) . White yam flour (commercial) had higher brown index value (18.36) which was significantly different (p<0.05) from other flours. There was significant difference (p<0.05) in the brown index values of the amala made from the four flours with higher value in amala from white yam (commercial flour). Jimoh et al. (2009) observed higher brown indices for oven dried white yam (Abuja cultivar) flour (21.87) and amala (56.67). Babajide et al. (2006) also reported higher brown indices for yam (Ijedo cultivar) flour (26.54) and amala (57.45) respectively. Dark coloured amala was reported to be due to inability to control the drying process and parameters, weather uncertainties, high labour costs, the requirement of a large drying area, insect infestation, and contamination with dust and other undesirable materials (Sankat and Mujaffar 2004; Ojokoh and Gabriel 2010; Abiala et al. 2011; Adejumo et al. 2013) . Brown index value showed the extent of discoloration and could be linked to the total phenol content of the flour and dough (Babajide et al. 2006) . This is in agreement with the earlier finding of Akissoe et al. (2003) and Jimoh et al. (2009) . The brown index of the paste, increased due to the thermal degradation of the originally colourless complex polyphenols (proanthocyanidins and lignins) to coloured phenols (anthogaridins) during steaming of the paste (Akissoe et al. 2003) .
Sensory evaluation of amala Sensory evaluation of amala from yam tubers is shown in Table 4 . There were significant differences (P<0.05) in the colour values of the amala prepared (Plate I). The white yam (commercial) amala was preferred, followed by white yam (oven dried) and white trifoliate yam amala. White trifoliate yam amala was lighter in colour than white yam (oven dried). Amala produced from oven dried flours were observed to be lighter in color than sundried flour (Jimoh et al. 2009; Akissoe et al. 2006) . In Yoruba land, color of stiff dough 'amala' (dark brown) is one of the important factor that affects the acceptability of the product. The dark brown colour in white yam (commercial) amala may be due to bad drying conditions the chips were subjected to (Akissoe et al. 2006; Abiala et al. 2011) . The texture of white yam dough (Commercial) was more acceptable than other amala. Yellow trifoliate yam dough was sticky and was not as firm as the white trifoliate yam amala and this may be attributed to the low starch content of the tuber which lead to poor binding properties of trifoliate yam flour (Martins et al. 1983; Abiodun and Oladapo 2010) . There was no significant difference (p>0.05) in the values of white yam (oven dried) and white trifoliate yam amala in texture. There was no significant difference (p>0.5) in the smoothness of the amala from trifoliate yam flour and white yam flour. Amala from the white yam and trifoliate yam flours were very smooth after reconstitution. There were significant differences (p<0.05) in the odour values of the amala. The odour of the white yam amala was more preferable than the white trifoliate yam amala. The white yam stiff dough was significantly different (p<0.05) from trifoliate yam amala in the odour values. The white yam dough (commercial) was more acceptable followed by white yam (oven dried) and white trifoliate yam amala.
Conclusion
The pasting and functional properties of the trifoliate yam flours were comparable to other yam species. Sensory evaluation conducted on the amala revealed that the amala from white trifoliate yam flour was acceptable and comparable to amala made from white yam. The yellow trifoliate yam flour though not acceptable as amala but could be used as composite flour.
